Reducing food waste is globally considered as a key challenge in developing sustainable food systems. Although most food waste is generated at the household level, consumers hardly recognize their responsibility, and the factors underpinning their perception of the quantity of food wasted at home are still unclear. This paper aims to fill this gap by analyzing the results of a large-scale survey conducted in Italy. The perceived quantity of household food waste was measured through a Likert scale and analyzed by means of a logistic regression against a set of predictors, including food waste motivations, perception of the effects of food waste, and sociodemographic variables. As expected, the perceived quantity of food waste declared by respondents was very low. Among the main determinants, food shopping habits and the level of awareness about the reasons why food is wasted played a key role. In contrast, the perception of the environmental effects of food waste seemed to be less important. Differences among subsamples recruited in different areas of Italy were detected, suggesting that further studies, as well as awareness-raising policies, should also consider context-related variables.
Introduction
Food waste is recognized as a global issue, and its reduction is considered to be a crucial element in developing a sustainable food system [1] . According to the Food and Agriculture Organization of the United Nations (FAO) [2] , about 1.3 billion tons of food, equivalent to one-third of all the food produced for human consumption, is lost or wasted every year. Such an amount of food waste represents a missed opportunity to achieve global food security as well as to mitigate the use of resources and the resulting environmental impacts [3] [4] [5] [6] [7] [8] [9] [10] [11] . Indeed, the impact of food waste on the environment (and on the sustainability of food systems as a whole) has been widely studied, with research confirming that it occurs at all steps of the food supply chain [2, [12] [13] [14] [15] [16] [17] [18] [19] [20] .
In the EU-28, 89 million tons of food is wasted every year, equivalent to 173 kilograms of food waste per person, with 53% of this food waste being produced at the household level [21] . Several studies conducted in industrialized countries have confirmed that private households are the main producers of food waste in the food chain [22] [23] [24] . According to the Waste and Resources Action Programme (WRAP) [25] , about 60% of household food waste in the UK is avoidable, i.e., food products that could have been eaten. Despite the high variability in the results of studies aimed at quantifying household food waste [26] , the yearly amount of household food waste per capita has been assessed as a quantity between 23 kg [27] [28] [29] and 48 kg [30] when food waste is directly measured at the households.
In Italy, the yearly amount of food waste is estimated at 6.5 million tons, with 48% of this waste generated at the household level [31] . The carbon footprint of this food waste represents around 3% of the total Italian carbon footprint. The water required in the agricultural sector to produce the food that is thus lost is equivalent to 1200 billion liters [20, 32] .
Recent research on the dynamics underpinning household food waste show it is a complex phenomenon that is influenced by many factors and multiple types of motivational and behavioral patterns [33, 34] . Motivations to reduce household food waste include financial reasons and social concerns, i.e., a sense of shame related to throwing food away [35] , resulting in the evidence that anticipated regret is a predictor of reducing food waste behavior [36] . WRAP [37] identifies the main determinants of household food waste as the interpretation and use of date labels and food storage habits at home, which are not always consistent with storage guidance reported on the packaging. Subsequent studies have confirmed that consumers' motivation to avoid food waste as well as their capacity to manage food provisioning and food handling influence their food waste behaviors [38] [39] [40] . It follows that, to successfully reduce food waste at this step of the food chain, a clear understanding of the drivers influencing consumer perceptions and behaviors regarding food waste is needed. Food wastage at the household level is related to the individual behavior of consumers as a consequence of inattention or conscious decisions, both in-store and at home, when food is stored, cooked, and consumed [33, 38, 41] . Socioeconomic and demographic household characteristics are also considered a driver of household food waste [41] [42] [43] , together with dietary habits [44] .
As a result of the efforts made by policy makers in promoting awareness campaigns and initiatives against food waste [45] , consumers' knowledge about the issue of food waste is increasing. However, there is still little evidence regarding the determinants of consumers' perception of food waste at home [39] . Lyndhurst [46] and Watson and Meah [47] argued that consumers are concerned about food waste because they see it as a waste of money or, only to a general extent, as an ethical drawback [35, 36] , while the negative effects on the environment seem to have little importance in their perception. Thus, it seems that consumers perceive food waste as a private behavior more than as an environmental behavior [39] .
With the aim of contributing to the lively debate on consumers' perception of food waste, this paper explores the behavioral and sociodemographic factors underpinning the amount of household food waste self-declared by 1201 food shoppers interviewed in Italy. The objective of the analysis is twofold: (i) to understand the extent to which consumers perceive their wasteful behavior at home and (ii) to disclose the factors affecting such perceptions. Differently from other studies based on questionnaires [14, 48, 49] , our aim is not to provide a quantification of the food waste generated at home but rather to study the factors that influence the perception of such quantity.
To do so, the paper is structured as follows. The Methodology section reports how the survey was conducted and explains the statistical model used to analyze the data. The results of the model are described in the following section. In Section 4, the results are commented against extant literature, while some more general considerations are reported in the Conclusions.
Methodology

Survey
A direct survey was conducted in 2014 to analyze consumers' perception toward household food waste. A questionnaire was administered to 1201 food shoppers in the two Italian cities of Bologna and Viterbo, which are located in the northern and central parts of the country and are home to 387,000 and 67,000 inhabitants, respectively. In terms of wealth, the area of Viterbo is very close to the national average of €19,500 of yearly revenue per capita, while the area of Bologna is relatively richer with €25,106 of revenue per capita as measured in 2016 [50] . Respondents were recruited at two hypermarkets belonging to the same chain. Food shoppers were approached after completing their purchases, and the study included only respondents over 18 and under 60 years of age, following the evidence suggested by Waste Watcher [49] that people in their working age are more likely to waste food. Convenience sampling was applied, so recruitment of shoppers did not follow a probabilistic design; rather, the questionnaire was administered to the available shoppers. The sampling method is therefore nonprobabilistic, but as authors from different disciplines [51] [52] [53] have suggested, it is well suited for exploratory studies.
As household food waste is predominantly the result of private/hidden behavior [33] , we tried to avoid possible bias due to the influence of the interviewer by asking respondents to self-fill the questionnaire. In this way, we intended to give them the privacy needed to freely declare the extent of food waste at their household. The questionnaire was organized in five sections and concerned the following:
1.
food purchasing behavior; 2.
extent and types of food discarded in the household; 3.
evaluation of the motivations, effects, and remedies of food waste; 4.
personal food waste choices; and 5.
sociodemographic data.
Sections 1 and 5 were made up of closed-ended questions. Sections 2 and 3 required respondents to self-estimate, on a Likert scale ranging from 0 to 10, the quantity of food wasted by their household, the importance of a set of motivations, the perception of effects of food waste, and their opinion on a list of possible strategies against food waste. The Likert scales were anchored at the extremes for better calibration of the answers. In the item concerning the self-estimation of the quantity of household food waste, the value 0 was noted with "nothing", while 10 corresponded to "a lot"; in the other items, where respondents were asked to state the importance of motivations and effect of food waste or the effectiveness of measures against food waste, the wording changed to "not at all" for the value 0 and "very much" for the value 10. Section 4 was intended as a set of items to verify the personal attitude of the respondents with regard to food waste by asking whether they would eat the peel of an apple and a wizened, bruised, or rotten fruit.
Data were cleaned up to delete statistical units with over 15% missing values. The final database used for the statistical analysis consisted of 1172 observations, out of which 922 were from Bologna and 250 from Viterbo.
Statistical Analysis
The data set was first analyzed with common descriptive statistics to explain the features of the sample and the consistency of the respondents' profile across the two subsamples recruited in Bologna and Viterbo. The two subsamples were then compared with a nonparametric test (Mann-Whitney) for all the 43 variables included in the database. For most variables, the test confirmed no significant differences between the two subsamples. The main exceptions concerned the sociodemographic profile, with the level of education, the number of members in the household, and the income being significantly different with p-value < 0.0001.
A binary logistic regression model was then developed to analyze the factors underpinning respondents' self-perception of household food waste. To do this, two items were combined to construct a binary dependent variable named "declared food waste". Such items requested respondents to estimate, on a 0-10 Likert scale, how often (i) uncooked food and (ii) cooked food were wasted in their households. The corresponding scores were added up, and a new dummy variable was constructed (Figure 1) , where scores over 6 (third quartile) were considered "high declared food waste". It should be noted that the average scores of both original items were significantly low: 2.30 for uncooked food and 2.05 for cooked food, with 172 respondents (14.7%) declaring no waste at all. This is consistent with previous evidence that questionnaires are not able to provide reliable evidence in terms of quantity of food waste [26] ; rather, they can be successfully used to investigate the root causes of consumers' behavior regarding food waste.
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Results
Descriptive Statistics
The sample was mostly made up of women (66%), aged under 40 years (69%), and living in small households (62%). Respondents declared a high level of education, with 46% holding a university degree, although this case was more frequent in Bologna than in Viterbo. Substantial differences among the subsamples were detected for the income levels as well (Figure 2) , with 50% of the respondents from Viterbo declaring a monthly income of €1500 or less, while only 25% of the respondents from Bologna declared the same; in Bologna, the most frequent income class was €2000-3000. It should be noted, however, that 2.6% of respondents did not answer this question, which was the reason we did not include this item in the regression model.
Concerning food purchasing habits, most respondents stated they purchase food at supermarkets or hypermarkets, typically once a week. Food shopping seemed to be highly affected by special offers. As respondents self-evaluated their inclination to buy products on offer, the average score was 6.624 on a Likert scale where 0 corresponded to "not influenced at all by offers" and 10 to "highly influenced by offers". Descriptive statistics of the related variables are reported in Tables 1 and 2 . As for the questions concerning the extent of food waste at home, the self-evaluation provided, in general, very low scores, both for cooked and uncooked food. Different levels of declared food waste were reported by respondents for different food categories (Figure 3 ). The highest waste was reported for fruit and vegetables, followed by bread, eggs, and dairy products, i.e., the products with shorter shelf life. However, there was a high heterogeneity among the answers, with many outliers. The average scores were indeed quite low for all the food categories included in the questionnaire.
Respondents were also asked to rate the motivations of food waste in their households. Incorrect management of expiration dates was the motivations that scored the highest, suggesting a lack of attention to the information reported in the labels or a lack of knowledge about the meaning of use-by and best-before dates. Other significant motivations for food waste included over-purchasing and over-cooking.
As for the questions concerning the extent of food waste at home, the self-evaluation provided, in general, very low scores, both for cooked and uncooked food. Different levels of declared food waste were reported by respondents for different food categories (Figure 3 ). The highest waste was reported for fruit and vegetables, followed by bread, eggs, and dairy products, i.e., the products with shorter shelf life. However, there was a high heterogeneity among the answers, with many outliers. The average scores were indeed quite low for all the food categories included in the questionnaire.
Respondents were also asked to rate the motivations of food waste in their households. Incorrect management of expiration dates was the motivations that scored the highest, suggesting a lack of attention to the information reported in the labels or a lack of knowledge about the meaning of use-by and best-before dates. Other significant motivations for food waste included over-purchasing and over-cooking. The average and median scores of the items related to respondents' perception of the effects of food waste were rather high in general. The ethical issue linked to food waste ("food that could have been valuable for others") was strongly perceived by respondents as was the economic loss for the household ("it is a waste of money"). A large share of respondents reported that wasting food makes them feel guilty. Compared to items revealing a personal discomfort toward food waste, lower scores were assigned to the effects of food waste concerning the society as a whole.
Logistic Regressions
"Declared food waste" was used as a dependent variable in a binary logistic regression, with the other variables inputted as predictors; R 2 (Nagelkerke) was 0.273. Table 3 reports the parameters of the model. The logit parameters are the log-odds of a general observation to move from the reference category (equal to 0 of the dependent variable, i.e., low food waste declared) to the "high declared food waste" category for a one unit increase in the predictor, while the other variables in the model are held constant. Log-odds are a logarithmic transformation of the odds ratio, i.e., the ratio of the probability of success (moving to the next category of declared food waste) over the probability of failure (staying in the zero waste category) [54] . It follows that, when the probability of moving to the next category for a one unit increase in the explicative is above (below) 50%, the odds ratio is > 1 (< 1), therefore the log-odds is positive (negative). The higher the parameter, the higher is the probability that an observation moves to the "high declared food waste" category.
Among the motivations, "I bought too much food", "I cooked too much food", and "I do not use leftovers" showed a strong influence on the dependent variable, increasing the probability of the observations to declare a high household food waste. The same effect, although with lower log-odds, was found for the motivations linked to expiration dates and low quality of the food products. Less The average and median scores of the items related to respondents' perception of the effects of food waste were rather high in general. The ethical issue linked to food waste ("food that could have been valuable for others") was strongly perceived by respondents as was the economic loss for the household ("it is a waste of money"). A large share of respondents reported that wasting food makes them feel guilty. Compared to items revealing a personal discomfort toward food waste, lower scores were assigned to the effects of food waste concerning the society as a whole.
"Declared food waste" was used as a dependent variable in a binary logistic regression, with the other variables inputted as predictors; R 2 (Nagelkerke) was 0.273. Table 3 reports the parameters of the model. The logit parameters are the log-odds of a general observation to move from the reference category (equal to 0 of the dependent variable, i.e., low food waste declared) to the "high declared food waste" category for a one unit increase in the predictor, while the other variables in the model are held constant. Log-odds are a logarithmic transformation of the odds ratio, i.e., the ratio of the probability of success (moving to the next category of declared food waste) over the probability of failure (staying in the zero waste category) [54] . It follows that, when the probability of moving to the next category for a one unit increase in the explicative is above (below) 50%, the odds ratio is >1 (<1), therefore the log-odds is positive (negative). The higher the parameter, the higher is the probability that an observation moves to the "high declared food waste" category.
Among the motivations, "I bought too much food", "I cooked too much food", and "I do not use leftovers" showed a strong influence on the dependent variable, increasing the probability of the observations to declare a high household food waste. The same effect, although with lower log-odds, was found for the motivations linked to expiration dates and low quality of the food products. Less influence on declared food waste was found for the variables related to the perception of the effects of food waste. One predictor related to the effects of food waste on the individuals ("it is a waste of money") was found to be significant at 99% confidence level, with negative log-odds. Therefore, the higher the perception of the effect of food waste on the money available to the household, the lower was the probability to declare high food waste. Two other variables related to the effects of food waste for the society as a whole ("it is a problem for waste management" and "it could have been valuable for others") were found to be significant at 90% and 95% confidence levels, respectively, with positive log-odds. As expected, wasting a wizened apple was a behavior that strongly predicted the likelihood of declaring a high food waste (wasting a bruised apple was not significant, and this item was therefore excluded from the final model). Among the demographic variables, the size of the household somewhat predicted the extent of declared food waste, with almost 90% confidence but a large parameter. In contrast, other demographic factors that had been included in the first round of modeling, such as the level of education, gender, and age of the respondents, were not significant, and they were then excluded from the elaborations. Respondents from Viterbo were found to have a higher probability of declaring high food waste compared to respondents from Bologna. This variable was significant at 99% confidence and showed large log-odds. *** Significant for α < 0.01; *** significant for α < 0.05; * significant for α < 0.10.
Discussion
On average, respondents declared they wasted a very limited amount of food, and nearly one out of six respondents stated that no food waste wasted by the household. In contrast, literature provides significant evidence that most of the food waste generated along the supply chain occurs at the last stage, i.e., at home [2, 21, 23, 55, 56] . This confirms that, when consumers are asked to self-assess the extent of food waste at home, they systematically provide underestimated values [26, 57, 58] . However, respondents' perception of the categories of food that are wasted more frequently was in line with previous research [29, 33] .
Consistent with previous literature, the main motivation identified by respondents for food waste at home was the correct understanding of, and the attention to expiration dates [27, 33, 59] . Consumers' attention to the effects of food waste was higher when they are personally concerned (feeling guilty, throwing out food that could be valuable to others), as already suggested by Graham Rowe [35] .
Looking at the factors influencing the perceived quantity of household food waste, motivations had a key role. Indeed, food waste behavior is commonly believed to be influenced by attitudinal variables and food habits [33] . The results suggested that food shopping routines also matter as buying too much food was a strong predictor of the level of food waste declared. With respect to this issue, several authors [41, 59] found that making a shopping list may avoid the purchase of unnecessary products, which are more likely to be wasted, thus decreasing the quantity of food discarded at home. In contrast, attention to special offers on food products did not emerge as a driver of the extent of household food waste, which is consistent with previous researches, suggesting that attention to price is not correlated with over-purchasing [60] . The literature suggests that greater awareness of the environmental issues related to food waste, together with a cultural shift in the perception of food waste value, may result in a decrease in household food waste [56] . However, scarce evidence was found in this study to this effect. Results showed that household food waste was slightly influenced by respondents' perception of the effects on waste management issues but, in general, the impact of food waste on individual assets (money available to the household) was more significant in predicting the amount of food waste declared. Similarly, the only significant driver linked to ethical issues was the feeling of wasting food that could have been valuable for others.
Regarding the social and demographic variables, our findings suggest they can influence the amount of food waste declared by respondents to a certain extent. In the literature, youths are reported to waste more than elderly people [45, 49] , but no evidence was found in this study regarding this. However, it should be noted that our sample was limited to people under 60 years old, while literature suggests that people aged 65 or over waste significantly less food than the rest of the population [27] . Similarly, we did not find education as a significant predictor of the level of household food waste, and the role of income was not tested due to high inconsistency of data across the two subsamples. Some studies have found evidence of a higher waste in households with higher education and higher income [27, 45, 61] . Additional indications emerged from a comparison of the two subsamples. A higher frequency of household food waste was found among the respondents recruited in the city of Viterbo (31.60% of respondents declared high food waste compared to 21.58% in Bologna). To analyze more deeply such differences, the logistic regression model was run again with the same set of explanatory variables, separately for the two subsamples (detailed results are reported in Appendix A). Although the explanatory power of the model decreased, especially in the analysis on the subsample from Viterbo due to its relatively small size, a comparison among the respective results revealed some interesting insights. First, purchasing low quality food was no longer a significant parameter in the subsample from Bologna (Table A1) , while it was so for the respondents recruited in Viterbo (Table A2 ). This may suggest that food shopping habits vary with the socioeconomic context, thus affecting the amount of food wasted at households in different ways. Second, the perception of food waste as a "waste of money" had, in Bologna, a much lower impact on the amount of food waste declared by respondents compared to the other subsample. This may be due to the different economic conditions of the people living in the two study areas, which is likely to affect their perception of food waste as an economic issue, although the influence of household income on the amount of food waste is still not fully understood [35] . Moreover, when the subsample from Bologna was studied alone, the feeling of throwing out food that could have been valuable to others was no longer significant as a predictor of the amount of declared food waste, while it was so in the subsample from Viterbo. Finally, the reuse of leftovers and the frequency of food shopping were both predictors of the amount of household food waste declared in the area of Bologna, while they were not so in the subsample from Viterbo.
These evidences suggest that context variables have a role in influencing the food waste behavior of consumers at home as a consequence of different food shopping habits and sensitivity to the issue of food waste in areas with different socioeconomic features. This is consistent with the conceptual framework proposed in the literature (References [38, 42, 45] , among others), where consumer behavior toward household food waste is conceived as dependent on two sets of variables, i.e., the individual characteristics of the respondents and the features of the area where they live. Among the several context variables that may influence household food waste, cultural, governmental, technological, economic, and production variables can be mentioned [33] .
In the interpretation of the results, some limitations of the study have to be considered. It should be recalled that the study is based on respondents' perception of the quantity of household food waste, which is likely to be underestimated [26] . Therefore, the dependent variable used in the model cannot be considered a reliable proxy for the actual quantity of food waste produced by respondents' households; rather, it can be used as a proxy for consumer awareness of their wasteful behavior at home. In this light, it appears clearer why respondents' awareness of motivations underpinning food waste at home emerges as a strong predictor of the quantity of food waste declared; consumers who are more aware of why they waste food at home may be likely to declare more food waste as a consequence of their higher concern about the issue. Another limitation concerns the discrepancy in the number of respondents recruited in the two study areas, which does not allow drawing conclusive evidence with respect to the role of the context in determining consumer awareness and perception of the food waste issue.
Conclusions
This study was aimed at exploring the factors underpinning consumer perception of household food waste at home by analyzing the results of a large survey conducted in Italy in which the self-perception of the quantity of household food waste was investigated.
Results showed that food habits were very important to determine the extent of food waste declared. In particular, purchasing and cooking too much food were both related to a higher food waste declared, especially in the subsample from the area of Bologna, thus suggesting that better planning of food purchases could have a role in decreasing food waste at home.
Other drivers concerned the perception of the effects of food waste as we found an association between the perception of wasting money and the tendency to waste less food at home. Environmental concerns, as already highlighted by Lyndhurst [46] and Watson and Meah [47] , did not directly influence the generation of household food waste. This suggests that environmental issues are considered to a lesser extent in food decisions, probably because consumers are less likely to connect them to their daily behavior [59] . This reminds us of the need for a stronger effort in designing awareness-raising policies tackling the macro effects of food waste, which are often too complex to be directly perceived by households. In our study, the perception of the effects of food waste showed a high variability within the sample, suggesting that, as far as food choices are concerned, individual and social aspects should be considered together as they interrelate in shaping the food (waste) behavior of people.
With respect to the role of context variables in the generation of food waste at home, we found that declared food waste was higher in the subsample from the area of Viterbo, where the household income and the level of education are lower. Indeed, when the model was run separately for this subsample, results showed meaningful changes. This suggests that the local socioeconomic conditions shape individual choices as well as the awareness about food waste as an issue.
As a recap of the results of this study, it should be recalled once again that respondents were asked to self-assess the extent of food waste at their households, which is likely to be underestimated as a consequence of the personal discomfort they feel in relation to food waste. However, it was not our aim to assess the extent of household food waste; rather, we explored the main factors underpinning respondents' perception (and awareness) of the issue. In studying this issue, we reported many differences among the respondents recruited in different geographical areas, suggesting that further research on household food waste could benefit from a comparison under different socioeconomic contexts. Such comparative effort could help design more effective policies to increase consumer awareness toward food waste. Funding: This research received no external funding.
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